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Introduction
In the early 1980s, many developing countries engaged in trade and tax reforms to initiate trade liberalization processes under the guidance of international institutions such as the World Bank, the International Monetary Fund (IMF), and the World Trade Organization (WTO). This was to allow them to be more integrated into the world trading system. This process consisted of a reduction or a cut in trade taxes considered as distortionary taxes, and their replacement with non-distortionary domestic taxes, such as value-added tax (VAT), necessary for economic growth and development. According to Baier and Bergstrand (2001) , 'Tariff reductions still explain almost three times as much trade growth as transport-cost declines'. Accordingly, a reduction in trade taxes is likely to increase the exports of developing countries and contribute to poverty reduction. The neoclassical mainstream international trade theories claim that free trade increases welfare by generating consumption and production efficiency gains. In addition, tariff reduction favours rapid economic growth. There is a consensus that open economies perform better than closed ones due to the exploitation of comparative advantage (Krueger 1985) . Nevertheless, the way the welfare gain is redistributed between people remains an important question. Some people benefit while others lose out.
However, recovering revenue loss due to trade liberalization is a major concern of developing countries. Many developing countries rely heavily on trade taxes as a source of government revenue (Easterly and Rebelo 1993; Greenaway and Milner 1991) . According to Zee (1996) , the average trade taxes as a percentage of total tax revenue of government in Africa was 36.4 per cent over the period 1974-79, 34.8 per cent over 1980-84, and 32.5 per cent over 1985-89, whereas in Asia this share was, respectively, 26.5 per cent, 24.8 per cent, and 23.8 per cent. This share might be high with respect to each individual country. For example, in the early 1990s, the share of trade taxes in total tax revenue was nearly 40 per cent in Pakistan (Lahiri and Nasim 2005) . According to the World Bank, import duties over government total tax revenue in 2010 in the Maldives, Ethiopia, Swaziland, and Madagascar were 70 per cent, 52 per cent, 51 per cent, and 47 per cent, respectively. These tax revenues are used by the government to provide good social amenities to its citizens, such as health care and education, good roads, and security, which benefit the poor in particular. Accordingly, decline in trade tax revenues without replacement may be harmful for poor people.
The consequences of trade policies for government revenues have been the subject of considerable interest, but there are controversies about the direction of the effect-that is, whether it is revenue decreasing or increasing. Concerning developing countries, the empirical literature in general concludes that trade liberalization may lead to revenue depletion even though the potential decrease in tariff revenue has been replaced by alternative sources of taxes to offset the loss in trade tax revenue. This loss of tax revenues can worsen the budget deficit and reduce government public spending, which will accordingly reduce the provision of public goods and services. Moreover, this will generate structural macroeconomic instabilities that can be harmful to the economy overall.
Indeed, the structural characteristics of developing countries limit their ability to shift from trade taxes to domestic taxes, then trade liberalization reduces the trade tax ratio to GDP (Khattry and Rao 2002) and total government revenue (Devarajan et al. 1999 ). According to McCulloch et al. (2001) , taxes on foreign trade are administratively easier to collect than taxes on domestic goods. Therefore, trade integration should shift from the tax revenue that is easy to collect-trade taxes-towards that which is hard to collect-taxes on income, production and consumption (Aizenman and Jinjarak 2009) . Also, the informal sector accounts for a relatively high share of economic activity, which limits the base for domestic taxes collection. Baunsgaard and Keen (2010) show that the replacement of trade taxes by other taxes (domestic taxes such as taxes on consumption, income, and profit) does not compensate totally for the loss of trade tax revenue. For these authors, government revenues in most developing countries depend heavily on trade taxes. For every dollar lost due to liberalization, middle-income countries are able to recover 40-60 cents through the implementation of other, internal taxes, whereas low-income countries recover at most 30 cents. The loss in trade tax revenue may exert a downward pressure on some public goods provision (Khattry 2003) . School access (education), for example, is a relevant determinant of the well-being and productivity of a country. Yet education can be provided by either the private or public sector. Rich people can acquire it privately while the poor cannot; therefore, this service is a source of inequality if it is not publicly provided. In developing countries, governments are the major stakeholders in education and a large share of the population relies on public education. There is strong empirical evidence that public education expenditure is positively associated with economic growth through favouring human capital accumulation (Blankenau 2005; Blankenau and Simpson 2004; Blankenau et al. 2007; Kaganovich and Zilcha 1999) . Consequently, declines in public education provision may lead to an increased poverty.
The effect of the reform of trade taxes and domestic taxes on welfare has received considerable attention, but this attention is more theoretical than empirical. The theoretical predictions on the effects of trade tax and domestic tax reforms on welfare are very mixed (e.g., Emran 2005; Emran and Stiglitz 2005; Falvey 1994; Keen 2008; Keen and Ligthart 2002; Kreickemeier and Raimondos-Møller 2008) . To my knowledge, very few papers have paid attention to the effect of trade tax and domestic tax reforms on poverty directly, and particularly in relation to developing countries. While a reduction in trade taxes with an increase in VAT has been at the centre of policies that developing countries implemented in the 1980s and 1990s under the structural adjustment policies of the IMF and the World Bank, as mentioned above, Baunsgaard and Keen (2010) show that developing countries have failed to recover the lost trade tax revenue or to increase government revenue. For instance, Anderson (1996) shows that in South Korea a reduction in trade taxes with a revenue-neutral increase in VAT reduces welfare. Thus, there is doubt about welfare improvement or poverty alleviation elements of reduced trade taxes coupled with an increase in VAT.
In this paper, I investigate the heterogeneity effects of the trade tax and domestic tax reforms on poverty in developing countries, but I also explore the role of public goods in this relationship. This entails investigating how a decrease in trade taxes combined with an increase in domestic taxes affects poverty in developing countries. The literature assumes homogeneity of the effect of trade taxes reforms on poverty. The originality of this paper arises first from the adoption of recent panel time series methods that allow accounting for cross-section dependence and to characterize whether the effect of trade tax reforms on poverty differs substantially across countries. Second, I consider the role of public goods and revenue-neutral reforms of trade taxes and domestic taxes in this relationship.
Using panel data for 91 developing countries over the 1980-2016 period, I at first find that a reduction of trade taxes on average increases poverty significantly, but that this effect varies widely across countries. Second, I show that a reduction in trade taxes combined with an increase in domestic taxes under revenue neutrality increases poverty on average, with considerable cross-countries heterogeneity in parameters. Countries that benefit in terms of poverty reduction are those that have consolidated their comparative advantage in agriculture as their trade balances of agricultural products increase while countries that lose out are those that have moved from net exporters to net importers of agricultural products. Third, when taking into consideration the role of government public education and health expenditures, I find that public goods do not significantly affect poverty when a country moves from trade taxes to domestic taxes under revenue neutrality.
The remainder of this paper is structured as follow: Section 2 presents a short theoretical review on the welfare effects of trade tax and domestic tax reforms. Section 3 discusses the empirical strategy and data, while Section 4 presents the empirical results. Section 5 concludes.
2
Brief synopsis of earlier theoretical work I present a brief synopsis of the theory of tariff-tax reform effects on income distribution. Mostly, the existing work on tariff-tax reform effects on income distribution in the literature are theoretical. This theoretical literature highlights that trade tax and domestic tax reforms improve welfare under some sufficient conditions, such as lower share of the informal sector in the economy, the presence of nontradeable goods, revenue-neutral reforms, and perfect competition (e.g., Fujiwara 2013; Hatzipanayotou et al. 1994; Keen 1989; Michael et al. 1993; Naito and Abe 2008) .
A reduction in trade taxes combined with an increase in domestic taxes such as VAT or tax on income has been considered in the literature for improving government revenue and welfare in developing countries. The conventional advice prescribed to developing countries under the IMF and World Bank's policy conditionalities consider VAT as a better and non-distortionary tax instrument to raise government revenue and to improve efficiency in resource allocation for better economic performance. Thus, a reduction in trade taxes accompanied by an increase in VAT improves welfare (e.g., Fujiwara 2013; Michael et al. 1993 ). Keen and Ligthart (2002) , in the case of a small economy in which all goods are tradeable and under perfect competition, show that a tariff cut combined with one-to-one increase in domestic consumption tax-leaving consumer prices unchanged-increases both welfare and government revenue. This occurs because the tariff cut combined with a point-by-point consumption tax increase enables resources to be efficiently allocated, which in turn leads to a production efficiency that drives mostly the rise in welfare. However, in the presence of non-tradeable goods and tradeable intermediate inputs in the model, it is extremely difficult if not impossible to clearly ensure welfare improvement. Keen and Ligthart (2005) themselves challenge this increase in welfare and public revenue by showing that under imperfect competition a tariff reduction reduces national welfare, using a two-country and two-good (tradeable goods) general equilibrium model. In the model, two identical firms serve and compete in the home market: one domestic firm and one foreign firm. The two firms face the same consumption tax in the home market, but the foreign firm also pays a tariff imposed by the home country. Raising the tariff increases the cost for the foreign firm (and then reduces its production and increases the production of the home country) while an increase in the consumption tax increases both firms' costs and reduces their outputs. Accordingly, a tariff reduction combined with one-for-one increases in consumption tax reduces the production of the domestic firm (and therefore reduces its profits), increases the production of the foreign firm (and increases its profits), and raises the consumer price. Thus, the welfare falls.
Moreover, the positive effects of the shift from trade taxes towards domestic taxes may be undermined by the presence of a higher share of the informal sector in the economy, which is not captured by the VAT net (Emran and Stiglitz 2005; Gordon and Li 2009; Keen 2008; Piggott and Whalley 2001) . In fact, in developing countries, according to Schneider and Enste (2000) , the average size of the informal sector is 39 per cent of GDP, ranging from 25 to 35 per cent in Colombia, Paraguay, Brazil, Chile, Costa Rica, and Venezuela to 68-76 per cent in Nigeria and Egypt over the 1990-93 period. This higher share of the informal sector shrinks the fiscal base and reduces government revenue, which is harmful in terms of reducing poverty. Emran and Stiglitz (2005) establish the conditions under which a shift from trade taxes to revenue-neutral increases in VAT is welfare-worsening in the context of developing countries, taking into account the implications of a large informal sector in the economy. Taxes on goods, such as VAT, can only be levied in the formal sector. Therefore, a tax on the formal sector may lower the demand for the goods produced in the formal sector and increase production in the informal sector. VAT is therefore likely to entail a shift from the formal to the informal sector and home production, providing a further distorted source of revenue. Consequently, welfare decreases when moving from trade taxes to domestic taxes.
Furthermore, trade tax and domestic tax reforms affect welfare through public goods provision because the government may use tax revenue to provide public goods. Abe (1992) Given that the share of the informal sector in the economy, public goods provision, sources of government revenue, economic policies, and institutional environment may vary across developing countries, in this paper I investigate empirically heterogeneous effects across developing countries of the trade tax and domestic tax reforms on poverty.
3 Empirical strategy and data 3.1 Empirical strategy I examine the relationship between trade tax and domestic tax reforms and poverty by adopting a dynamic linear model of poverty assuming heterogeneity across countries. In fact, trade tax reforms may differently affect countries, depending on their economic characteristics and their capacity to respond to the international competition arising from trade liberalization. The replacement of taxes on international trade by domestic taxes is the sort of institutional adjustment used for the implementation of trade agreements. I then consider the differences in the relationship across countries, modelling the relationship between trade tax and domestic tax reforms on poverty as not common but heterogeneous across countries, since the effects of trade tax reforms may depend on countries characteristics and concurrent domestic policy reforms that countries implement. This is the reason that estimating the average effect based on a pooled sample might not result in satisfactory policy prescriptions (Santos-Paulino 2012). I then depart from the conventional panel econometric models that assume homogeneous parameters across all countries by estimating country-specific coefficients. In doing so, I am able to provide policy recommendations to countries to take advantage of trade tax reforms leading to trade liberalization.
The starting model for the empirical analysis is based on Fischer (2001) , and I adopt a specification allowing for heterogeneous coefficients drawing on a dynamic common correlated effects estimator (Chudik and Pesaran 2015) :
where y it is the poverty headcount in country i at time t, y it−1 is the lagged value of poverty, tradetax is trade tax revenue as a percentage of GDP, land is agricultural land per capita, capital is capital stock per capita, X is other control variables, f t is a vector of unobserved common factors, γ i is the heterogeneous factor loadings, and ε it represents idiosyncratic errors. The heterogeneous coefficients are randomly distributed around a common mean β MG , such that and Smith 1995) .
To estimate the model, I am concerned with the cross-section dependence arising from common or global shocks, spatial or spillover effects, or unobserved common factors. The cross-section dependence might occur through commodity price fluctuations, trade or tax agreements (McNabb 2018), currency unions, or world economic or financial crises. To not account for cross-section dependence using conventional panel estimators such as fixed or random effects results econometrically in an inconsistent estimates and misleading inference (Andrews 2005; Sul 2003, 2007) . This inconsistency in general, occurs when the unobserved factors and the included regressors or observed explanatory variables are correlated (Pesaran 2006) .
Many econometric approaches have been developed in the literature to deal with cross-section dependence in panel data (e.g., Bai 2009; Chudik and Pesaran 2015; Coakley et al. 2002; Kapetanios et al. 2011; Pesaran 2006; Pesaran and Tosetti 2011; Symons 2000, 2007) . For instance, Coakley et al. (2002: hereafter CFS) propose a principal component approach with a two-stage estimation method. The CFS method consists first of extracting principal components from residuals obtained from the first-stage regression of y it on x it for each i. Then, these principal components (one or more) are used to augment the original regression equations to proxy possible omitted variables. However, Pesaran (2006) points out that the CFS estimator is not consistent if the unobserved factors and the included regressors are correlated. Pesaran's (2006) common correlated effects estimator (henceforth CCE) accounts for unobserved factors through an augmentation of the regression equation with cross-sectional averages of the dependent and independent variables. The CCE estimator is robust to different types of cross-section dependence errors, possible unit roots in independent variables, serial correlation in errors, and slope heterogeneity (Chudik et al. 2011; Kapetanios et al. 2011; Pesaran and Tosetti 2011) . 1 However, Chudik and Pesaran (2015) show that the CCE approach is not valid in the case of a dynamic panel and/or in the presence of weakly exogenous dependent variables 2 because the CCE estimator is subject to a small sample bias, in particular when the time-series dimension of the panel is not sufficiently large. 3 Chudik and Pesaran (2015) extend then the CCE approach to allow for a dynamic panel and/or weakly exogenous regressors.
In the presence of weakly exogeneous regressors, the CCE estimator provides inconsistent estimates. As a remedy, the authors suggest including further lags of cross-section averages in addition to the cross-section averages of all variables in the model. In this paper, I use Chudik and Pesaran's (2015) estimator to identify trade tax reform effects on poverty in a linear dynamic model because 'many large cross country or cross regional panels tend to be subject to error cross-sectional dependence and slope heterogeneity and are likely to contain weakly exogenous regressors' (Chudik and Pesaran 2015: 394) .
The CCE estimator has been used in the literature to investigate the economic consequences of tax structure or tax policies (e.g., Arachi et al. 2015; Arnold et al. 2011; McNabb 2018) .
The cross-sectionally augmented estimation equation is thus:
where X includes tradetax, land, capital, and X, and where z t−l is cross-sectional (CS) averages of all the dependent and independent variables and p T is the number of lags of cross-sectional averages.
The mean group estimates β MG = E(β i ) are given bŷ
This specification allows slope coefficients to vary across countries-that is, each country has its own set of slope coefficients both on the observed regressors and on the unobserved common factors. In fact, as countries differ in some economic, social, and political characteristics, the effect of tariffs on poverty may differ from one to another. Chudik and Pesaran (2015) 4 show that the CCE mean group estimator once augmented with sufficient number of lags and cross-sectional averages performs well even in the case of dynamic models with weakly exogenous regressors. To estimate the model, I follow the authors' rule of thumb recommending that p = int(T 1/3 ) = 3. This is equivalent to adding up to three lagged differences in my model. Moreover, I add the country-specific linear trend in each model.
Data
My sample comprises 91 developing countries (see the list of countries in Table A1 in the Appendix) spanning the period 1980-2016. The selection of countries in the sample is based on the availability of the relevant data, notably the availability of data on trade tax revenue. Tax data are collected from the Government Revenue Dataset (GRD) 2018 of ICTD/UNU-WIDER. The GRD offers a 'significantly more complete and accurate source of revenue data than any other single source, particularly for developing countries' (McNabb 2018). I complete some missing values in my data using the OECD Revenue Statistics and Baunsgaard and Keen (2010) datasets.
The poverty indicator used in this paper is the poverty headcount index, which is a measure of absolute poverty. The poverty headcount index measures the proportion of the population whose consumption or income is below a specific poverty line. I consider in this paper the US$1.90-a-day poverty line used by the World Bank. This poverty indicator is often used in the literature (e.g., LeGoff and Singh 2014; Santos-Paulino 2017). The complete definitions of variables and data sources are presented in Table  A2 . The descriptive statistics of variables used in the empirical analysis are reported in Table 1 . The descriptive statistics reveal that trade taxes account for up to 36 per cent of GDP while domestic taxes represent up to 35 per cent. 
Empirical results
Before running the regressions, I carry out Pesaran's (2004) cross-sectional dependence test on the raw variables. The results reported in Table A3 suggest that the raw variables are subject to considerable cross-sectional dependence (the presence of common factors in each dataset). The presence of common factors in each dataset validates the common factor model approach.
Trade taxes effects on poverty
The results (the mean group coefficients) of the effects of trade taxes on poverty are reported in Table 2 . I start the estimation using Pesaran and Smith's (1995) mean group estimator (MG) in the first column, which ignores the presence of the cross-sectional dependence, and Pesaran's (2006) CCE estimator in the second column. The estimated coefficient of trade taxes is negative and equal to −0.3 for the MG estimator. However, the CD (cross-sectional dependence) statistic is statistically different from zero, indicating the presence of cross-sectional dependence, implying that my two models were mis-specified. Accordingly, my estimates may be biased due to the presence of the cross-sectional dependence. Using Chudik and Pesaran's (2015) linear dynamic model and including additional lags of the cross-sectional average in the CCE MG model (columns 3-5), the cross-sectional dependence disappears with a CD statistic indicating that the null hypothesis of cross-sectional independence cannot be rejected for the models with two and three lags of cross-sectional average. The coefficients of trade taxes are still negative, equal to −0.14 and −0.3, and significant at the 5 per cent level, respectively for models with two and three lags. The result for the model with one lag is not significant. The negative coefficients of taxes on international trade reveal that an increase in trade taxes reduces poverty on average. Given that the dependent and independent variables are expressed in logarithm, the coefficients of the independent variables are interpreted as elasticities. An increase of 1 per cent in taxes on international trade reduces poverty from 0.14 per cent to 0.3 per cent. My findings are consistent with the literature on tariff revenues and poverty (e.g. Topalova 2007 ) stating that developing countries rely heavily on trade taxes that allow them to finance public goods necessary for poverty alleviation. Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses are constructed non-parametrically following Pesaran and Smith (1995) . All the regressors are in the log. The country-specific linear trend is included in each model. CD test reports the Pesaran (2015) test for weak cross-sectional dependence; under the null hypothesis of weak cross-sectional dependence of the error term, the CD statistic is distributed ∼ N(0, 1). RMSE is the root mean squared error.
Source: author's calculations.
Nevertheless, the effects of taxes on international trade vary widely across countries. Figure 1 shows the heterogeneity effect across countries of trade tax revenue on poverty, meaning that a group of countries (36 countries) are beneficiaries, whereas other groups (24 countries) lose out. 5 While most countries in my sample benefit from an increase in trade tax revenue in terms of poverty reduction, the size of the effect varies widely between countries. Figure 1 indicates a non-linearity in the relationship between trade taxes and poverty and a conclusion about the role of trade tax levels in this heterogeneity cannot be drawn. Hence, this heterogeneity may imply that the effects of trade tax revenue are not automatic and may depend on country characteristics and some domestic complementary policies. Countries that experience poverty reduction associated with the increase in taxes on international trade may have a better distribution policy that benefits low-income people, or may be one of those those that take advantage of the protection by reducing the competition for their domestic market and therefore consolidate their comparative advantage. The data show that countries that observe poverty reduction have remained, on average, net exporters of agricultural products over time, while countries in which poverty increases have moved from being net exporters to net importers of agricultural products (see Figure A1 ). For the latter groups of countries, imposing taxes on international trade could be detrimental for their exports as their partners may take retaliatory measures that may reduce their access to foreign markets. 
CCEMG model with three lags
Notes: I plot the country-specific coefficients for trade tax revenues from the Chudik and Pesaran (2015) CCEMG model with three additional lags (column (5) in Table 2 ). The figure shows that the poverty effect of trade tax revenue varies widely across countries. Thirty-six countries have negative coefficients, meaning that poverty decreases with an increase in trade taxes, while 24 countries have positive coefficients, suggesting that an increase in trade taxes is associated with an increase in poverty. The coefficients for two countries are zero. Jordan has been excluded from the graph sample to ensure homogeneity.
Source: author's creation based on the regression results.
4.2
Revenue-neutral tax policy I analyse the effects of tax policy consisting of replacing trade taxes with domestic taxes (VAT, income tax, production taxes, etc.) on poverty under revenue-neutral reduction in trade taxes. The revenueneutral tax reforms involve a reduction in trade taxes offset by an increase in domestic taxes. This implies that one unit loss of trade taxes is totally offset by an increase in domestic taxes. To test empirically the trade taxes decreasing revenue-neutral effects on poverty, I include in my model total tax revenues and domestic tax revenues, but omit trade tax revenues in the regression equation, following McNabb (2018), Arachi et al. (2015) , and Arnold et al. (2011) . The omitted trade tax revenues are assumed to adjust to absorb changes in domestic tax revenues included in the regression, to maintain revenue neutrality. I transform the domestic taxes data using the share of domestic taxes over the total tax revenue to ensure that the sum of taxes on international trade and the domestic taxes are equal to the total tax revenues.
The results reported in Table 3 indicate that the revenue-neutral shift from trade taxes towards domestic taxes (the mean of coefficients across countries) increases poverty on average by 0.07-0.96, significant at the 10 per cent level. This result is consistent with the findings of Alavuotunki et al. (2017) , suggesting that, on average, VAT adoption has led to increased inequality (using a disposable income of inequality). Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses are constructed non-parametrically following Pesaran and Smith (1995) . All the regressors are in the log. The country-specific linear trend is included in each model. CD test reports the Pesaran (2015) test for weak cross-sectional dependence; under the null hypothesis of weak cross-sectional dependence of the error term, the CD statistic is distributed ∼ N(0, 1). RMSE is the root mean squared error.
However, the revenue-neutrality effects of domestic taxes on poverty are very heterogeneous when examining the effects individually across countries (see Figure 2 ). I highlight that a shift from trade taxes towards domestic taxes is associated with poverty reduction in a group of countries (25 countries) while poverty increases in another group of countries (33 countries). 6 Figure 2 reveals that the nexus between the impact of the shift from taxes on international trade towards domestic taxes and the trade taxes-to-GDP ratio is not linear; accordingly, I can't explain the heterogeneity across countries by the level of domestic taxes. I then document the factors that can drive this heterogeneity and point out the role of comparative advantage in agricultural products export. Moreover, Figure 2 shows that most countries that benefit from an increase in trade taxes are those that lost out from the shift from trade taxes towards domestic taxes under revenue neutrality; inversely, most of those that lost out from an increase in trade taxes benefit from an increase in domestic taxes under revenue neutrality.
The data (see Figure A2 ) show that countries that experienced poverty alleviation have consolidated their comparative advantage in agriculture as their agricultural trade balances have increased on average over time (overall agricultural trade surpluses have increases). The increase of their exports results from better terms of trade or an increase in the price of agricultural products due to the Stolper-Samuelson theorem. Also, a reduction in trade barriers (for example, within the WTO framework consisting of multilateral reduction in trade barriers under the Doha Round, regional trade agreements, etc.) led them to have greater access to the market and to grow their exports through reducing the fixed cost of trade (e.g. Chaney 2008; Dutt et al. 2013 ). For instance, Uruguay's accession to Mercosur in 1991 has boosted its export of beef and the country has been able to export to more distant markets such as Japan. McCaig (2011) , analysing the effect of US-Viet Nam bilateral trade agreements on poverty in Vietnamese provinces and US market access shows that provinces that were more exposed to the US tariff cuts (greater access to the US market) experienced more rapid decreases in poverty. Likewise, Porto (2003) obtains similar results in Argentina's case by revealing that domestic tariff reduction and better access to foreign markets has decreased poverty. As agriculture is the main source of employment and income in most developing countries, growth in the export of agricultural products is likely to raise employment and income for rural or poor people and therefore to reduce poverty. My findings are also in line with those of Christiaensen et al. (2011) , who find that increases in agricultural GDP per capita are five times more powerful in reducing poverty than a similar increase in GDP per capita in non-agricultural sectors.
In contrast, the countries in which poverty increases have moved from being net exporters of agricultural products to net importers over time: their agricultural trade balances declined and their agricultural trade deficit has increased after 2010. This could be associated with the fact that trade liberalization has exposed them to international competition, leading to the disappearance of their producers and an increase in domestic taxes doesn't offset the loss due to the production decline. As a large share of the populations in developing countries live in rural areas and depend on agriculture, a decline in agricultural exports reduces their incomes and raises unemployment, with the according poverty increases. As most countries that benefit from an increase in trade taxes are those that lost out due to a shift from trade taxes towards domestic taxes under revenue neutrality, it seems that their firms, especially in the agricultural sector, are less competitive and the protection should be profitable to them in order to maximize domestic welfare over time (Melitz 2005) .
Furthermore, my results show that the revenue-neutral shift from trade taxes towards domestic taxes affects poverty through total tax revenue. An increase of 1 per cent in total tax revenue due to an increase in domestic taxes reduces poverty from 0.36 per cent to 0.5 per cent. My results are in line with those of Fujiwara (2013), Keen and Ligthart (2002) , Hatzipanayotou et al. (1994) , and Michael et al. (1993) , who show that a reduction in trade taxes with revenue-neutral increases in indirect taxes (e.g. VAT) increases welfare. There is also a dispersion of total tax revenues effects on poverty across countries. 
Robustness checks

CCEMG model with three lags
Notes: I plot the country-specific coefficients for domestic tax revenue from the Chudik and Pesaran (2015) CCEMG model with three additional lags (column (3) in Table 3 ). The figure shows that the poverty effects of domestic tax revenue vary widely across countries. Twenty-five countries have negative coefficients while 33 countries have positive coefficients. The coefficients for four countries are equal to zero. Jordan has been excluded from the graph sample to ensure homogeneity.
4.4
The role of public goods I am interested in the role of public goods in the relationship between a shift from trade taxes towards domestic taxes under revenue neutrality. Public goods such as public education and public health play an important role in poverty reduction in developing countries. In most developing countries there are regionally significant imbalances in education and health. For instance, rich people can afford private education and health care while poor people rely more on public education and health care. Poor people have worse health status on average than others, and public health spending tends to matter more to the poor (Bidani and Ravallion 1997) . Heltberg et al. (2001) find in Mozambique that public expenditures on health and education are likely to have significant poverty-reducing effects.
Most empirical works highlight the negative association between domestic taxation (income tax, VAT, etc.) and human capital (Lin 1998; Lucas 1990; Trostel 1993) . A shift from taxes on international trade towards domestic taxes may adversely affect poor people's human capital accumulation and hence their income if there is no safety net to help them profit from public education. Tax revenues may reduce poverty if they are redistributed to benefit people with low earnings. Governments, in order to achieve poverty reduction or to reduce income inequality, might combine taxes and public spending to provide easy access to public goods for poor people. Thus, the government redistributes tax revenues from people who are better off to those who are worse off. Hence, I investigate the role of public goods provision in the relationship between the shift from trade taxes towards domestic taxes under revenue neutrality.
I consider two kinds of public goods. First, government spending on education is used to proxy public goods. It consists of pointing out that government uses total tax revenue to finance public education. In doing so, government favours poor people having access to formal education and consequently accumulation of human capital. There is evidence that countries with higher education expenditures have greater economic performance. The endogenous growth theory provides a link between public education expenditures and long-term economic growth. This theory concludes that public education expenditures promote human capital accumulation and therefore foster economic growth. Consequently, growth and human capital accumulation may reduce poverty.
Second, I use public health expenditures as an alternative proxy for public goods to assess the robustness of my results using public education expenditures.
For the empirical estimation considering the role of public goods, I am constrained by the data availability. I use data on public education and health expenditures from the IMF. These data are available for the 1985-2009 period for a sample of 90 countries. Due to the short temporal dimension of my data (25 years), I am unable to use Chudik and Pesaran's (2015) estimator, which requires a longer temporal dimension. Accordingly, I carry out my estimation using, first, a two-way fixed effects estimator (2FE), second, the Blundell and Bond (1998) system-GMM estimator, and finally, the Pesaran and Smith (1995) MG estimator and Pesaran (2006) CCE MG estimator.
The role of public education and health expenditures is assessed by interacting the government public education and health expenditures with trade tax revenue. The results for all the estimators reported in Tables 4 and 5 indicate that the mean of the coefficient is not significant for both public education and health expenditures interaction terms with total tax revenues. The results hold when controlling for the government total expenditures and population growth. My results are consistent with the non-significant effect of public social spending (public education and public health spending) found by Castro-Leal et al. (1999) . Examining the effect of public education and health spending on poverty in a group of African countries, Castro-Leal et al. (1999) show that these programmes favour not the poor, but those who are better-off.
The absence of the significant effects suggests that they may depend on country characteristics, complementary policies such as labour market or employment policies, the pattern of education output, or the structure of labour demand. For instance, a country may invest heavily in public education, but if the unemployment rate is high and individuals cannot find a job after graduation, the poverty level may not be affected. In contrast, a country with a low unemployment rate, by investing more in education, can absorb the new graduates and accordingly may reduce poverty. Furthermore, a country may benefit more from public education expenditures if the type of education financed suits well the patterns of demand in the labour market. For instance, Jung and Thorbecke (2003) show that in Tanzania, to maximize the benefits from education expenditure, complementary factors are needed such as a high level of physical investment, measures that improve the match between the pattern of educational output and the structure of effective demand for labour.
My results may suggest that, to clearly identify the role of public goods in the process of trade liberalization, I should consider the role of the labour market and country socioeconomic characteristics that can play a key role in the poverty-tax reforms nexus. N(0, 1) . RMSE is the root mean squared error.
Source: author's calculations. N(0, 1) . RMSE is the root mean squared error.
Due to missing values in public health spending data, I am unable to implement the Chudik and Pesaran (2015) estimator.
Conclusion
The replacement of taxes on international trade with domestic taxes after trade liberalization policies adopted by developing countries in the 1980s to finance anti-poverty policies necessary to achieve the Millennium Development Goals (MDGs) has been a concern for developing countries these past decades. Trade liberalization is one of these strategies through which poverty could be reduced. Developing countries rely heavily on taxes on international trade that they use for social spending or for public goods financing. Then, switching from taxes on international trade to local taxes may have poverty and inequality implications because this change affects social spending or public goods provision. In this paper, I investigate the effects of reductions in taxes on international trade revenues on poverty in developing countries and the role that public goods can play in this relationship. I adopt empirical specifications that allow for heterogeneity across countries.
I first find evidence that taxes on international trade are negatively associated with poverty, implying that an increase in taxes on international trade reduces poverty on average in developing countries. However, the effect is heterogeneous across countries, indicating that poverty decreases in one group of countries while it increases in another group. Categorizing the two groups of countries (countries in which poverty decreases relatively to those in which poverty increases), I find that countries that benefit from the taxes on international trade are, on average, over time net exporters of agricultural products, while those that lose out have shifted from being net exporters of agricultural products to net importers. Second, I show that a shift from taxes on international trade to domestic taxes under revenue-neutrality increases poverty on average. The effects also vary largely across countries; some countries benefit while others lose out. The group of countries that benefit in terms of poverty reduction are those that have consolidated their comparative advantage in agriculture as agricultural trade balances increase on average over time. In contrast, countries that lose out have moved from being net exporters to net importers of agricultural products on average over time. My results also suggest that the shift from taxes on international trade towards domestic taxes significantly reduces poverty through the total tax revenue on average, but the effect is heterogeneous across countries. Finally, I show that public education and health expenditures do not play a significant role in the relationship between trade tax reforms and poverty under revenueneutrality.
My results suggest that for developing countries to benefit from tariff liberalization they must implement policies that promote the agricultural sector as well as agricultural export-led policies. In fact, agricultural employment and agricultural share in GDP is higher in developing countries. Also, as it is clearly identified that the poor pay more tax relative to their incomes, my results suggest that developing countries might implement revenue redistribution policies that favour poor people-that is, allow them to benefit more from redistributive policies. Further research in this area would consider the role of income redistribution channels in the relationship between a shift from taxes on international trade towards domestic taxes on poverty to clearly identify the relationship. Moreover, the role of labour market characteristics and the composition of the government's public education expenditures should be explored to clearly investigate the role of public goods provision in the relationship between trade tax reforms and poverty in developing countries. Trade tax Import and export duties (percentage of GDP) GRD, Baunsgaard and Keen (2010) , and OECD Domestic tax
Measures the total tax revenue excluding trade tax revenue (percentage of GDP) GRD, Baunsgaard and Keen (2010) , and OECD Total tax
Measures the total tax revenue as the sum of trade tax revenue and domestic revenue (percentage of GDP) GRD, Baunsgaard and Keen (2010) , and OECD Democracy Average of political rights and civil liberties of the Gastil index. It ranges from 1 for democracy to 7 for dictatorship (see Paldam and Gundlach 2012) Source: author's calculations based on sources discussed in the text. Countries with positive coefficients Agricultural trade balance trend Trade balance Export Import Notes: I plot the trend (average) of trade balance of agricultural products over the period 1980-2016 to identify the role of comparative advantage in agriculture in the heterogeneity effects across countries. The countries with negative coefficients refer to those that benefit from an increase in trade taxes in terms of poverty reduction. The countries with positive coefficients are those in which an increase in taxes on international trade is associated with an increase in poverty. The figure shows that countries that experience a poverty-increasing effect of trade taxes have shifted from being net exporters to net importers of agricultural products, while countries in which trade taxes are associated with a reduction in poverty remained, on average, net exporters of agricultural products over time.
Source: author's calculations based on the FAO dataset. Countries with positive coefficients Agricultural trade balance trend Trade balance Export Import Notes: I plot the trend (average) of the trade balance of agricultural products over the period 1980-2016 to identify the role of comparative advantage in agriculture in the heterogeneity effects across countries of a shift from taxes on international trade towards domestic taxes on poverty. The countries with negative coefficients refer those that benefit from an increase in trade taxes in terms of poverty reduction. The countries with positive coefficients are those in which an increase in taxes on international trade is associated with an increase in poverty. The figure shows that countries that experience a poverty-increasing effect of trade taxes have shifted from being net exporters to net importers of agricultural products, while countries in which trade taxes are associated with a reduction in poverty consolidated their comparative advantage in agriculture as agricultural trade balance increased on average over time.
Source: author's own calculations based on the FAO dataset. Notes: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors in parentheses are constructed non-parametrically following Pesaran and Smith (1995) . All the regressors are in the log. The country-specific linear trend is included in each model. CD test reports the Pesaran (2015) test for weak cross-sectional dependence; under the null hypothesis of weak cross-sectional dependence of the error term, the CD statistic is distributed ∼ N(0, 1). RMSE is the root mean squared error.
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Source: author's calculations. Pesaran and Smith (1995) . All the regressors are in the log. The country-specific linear trend is included in each model. CD test reports the Pesaran (2015) test for weak cross-sectional dependence; under the null hypothesis of weak cross-sectional dependence of the error term, the CD statistic is distributed ∼ N(0, 1). RMSE is the root mean squared error.
